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G\QDPLF UHVSRQVHRI WKH VXSHUVWUXFWXUH7KLV VLPSOLILHGPRGHO LV H[SUHVVHG LQ D ULJRURXVQRQGLPHQVLRQDO IRUPXODWLRQ DQG LV














© 2016 The Authors. Published by Elsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under the responsibility of the organizing and scientific committees of CNRIG2016
171 Davide Noè Gorini and Luigi Callisto /  Procedia Engineering  158 ( 2016 )  170 – 175 
DOD\HURIJUDYHOSRXUHGRQWRWKHWRSRIWKHSLOHKHDGVWKDWXQGHUDVHYHUHVHLVPLFHYHQWLVLQWHQGHGWRDOORZDUHODWLYH
KRUL]RQWDOGLVSODFHPHQWDWWKHFDLVVRQSLOHVFRQWDFW7KLVGHYLFHLPSOLFLWO\OLPLWVWKHPD[LPXPVKHDUIRUFHWUDQVPLWWHG
WR WKH VXSHUVWUXFWXUH DW WKH FRVW RIPLQRU KRUL]RQWDO GLVSODFHPHQWV RI WKH EDVH RI WKH WRZHUV WKDQ FDQ EH HDVLO\
DFFRPPRGDWHGE\WKHGHIRUPDEOHEULGJHVWUXFWXUH)RUWKHVSHFLILFFDVHRIWKH,]PLW%D\EULGJH*RULQL	&DOOLVWR
DQG&DOOLVWR	*RULQL>@SHUIRUPHGDVHULHVRIWKUHHGLPHQVLRQDOQXPHULFDODQDO\VHVWRHYDOXDWHWKHHIIHFWLYHQHVV
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VRLO VWLIIQHVV DQG VWUHQJWK SURYLGHG E\ WKH GULYHQ SLOHV $V DQ H[DPSOH )LJXUH E VKRZV IRU LQSXW VLJQDOV







ZDV XVHG LQ WKH SDUDPHWULF DQDO\VLV FRQVLVWLQJ RI D 5LFNHU ZDYHOHW IRU HDFK FRPSRQHQW RI WKH VHLVPLF PRWLRQ
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FKDUDFWHULVHGE\LWVPD[LPXPDPSOLWXGHDQGDJLYHQSUHGRPLQDQWSHULRG7KHSRVVLELOLW\RIDSKDVHGLIIHUHQFHEHWZHHQ




































































SDUWLFLSDWLQJ PDVV RI WKH VXSHUVWUXFWXUH;(0 ,W FDQ EH VHHQ WKDW WKH YLEUDWLRQ SHULRG RI WKH VWUXFWXUDO HOHPHQW




RI WKH KRUL]RQWDO GLVSODFHPHQWV FRPSXWHG LQ WKH ULJLG EORFN WKDW DUH SURSRUWLRQDO WR WKH PD[LPXP VKHDU IRUFH
WUDQVPLWWHGWRWKHEDVHRIWKHVXSHUVWUXFWXUH)LJXUHDVKRZVWKDWIRUWKHUHIHUHQFHFDVHDVXVWDLQHGDWWDLQPHQWRIWKH
LQWHUIDFH VWUHQJWKGXULQJ WKH VHLVPLFPRWLRQ UHVXOWV LQ D UHGXFWLRQ'6D RI WKH VSHFWUDO DFFHOHUDWLRQ IRU QRUPDOL]HG
SHULRGV77L[LQWKHLQWHUYDORIWRDERXWZKLOHDWQRUPDOL]HGSHULRGVRIWRWKHDWWDLQPHQWRIWKHLQWHUIDFH
VWUHQJWK SURGXFHV DQ DSSUHFLDEOH LQFUHDVH RI WKH QRUPDOL]HG VSHFWUDO RUGLQDWHV 7KH QRUPDOL]HG UHGXFWLRQ RI WKH





QRQGLPHQVLRQDOJURXSV GHILQLWLRQ UHIHUHQFHYDOXHV UDQJH  RXWSXW GHILQLW LRQ
,QWHUIDFH6KHDU6WUHQJWK,66 WJĳ¶    8UHO 8UHOJÂ7L[
0DVV5DWLR05 0V0F    6D 6DJ
;GLUHFWLRQ([FLWHG0DVVUDWLR;(0 Į[     
9GLUHFWLRQ([FLWHG0DVVUDWLR9(0 ĮY     
;GLUHFWLRQ,QWHUDFWLRQ5DWLR;,5 7[7L[     
9GLUHFWLRQ,QWHUDFWLRQ5DWLR9,5 7Y7LY     
'DPSLQJ5DWLR'5 ȟ     
(PEHGPHQW(IIHFW)DFWRU(() 3Z33     
3RUH3UHVVXUH)DFWRU33) 333WRW     
;LQSXW0RWLRQ$PSOLWXGH;0$ $L[J     
;9LQSXW0RWLRQ$PSOLWXGH;9$ $LY$L[     
;9LQSXW0RWLRQUDWLR;90 7L[7LY     
;9LQSXWPRWLRQ3KDVHGLIIHUHQFH;93 ǻW[Y7L[     
















ZDWHU SUHVVXUH7KH HIIHFW RI WKHYHUWLFDO FRPSRQHQW RI WKH LQSXWPRWLRQ LV GHSLFWHG LQ)LJXUHE WKDW VKRZV WKH
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
)LJD(IIHFWRIWKHSRUHZDWHUSUHVVXUHJURXS33)RQWKHSHUPDQHQWGLVSODFHPHQWVEHIIHFWRIWKHYHUWLFDOFRPSRQHQWRIWKHLQSXWPRWLRQ
&RQFOXGLQJUHPDUNV
7KHPDLQDGYDQWDJHRIWKHSUHVHQWVLPSOLILHGIRUPXODWLRQLVWKDWLWDOORZVDTXLFNHYDOXDWLRQRIWKHUHVSRQVHRIWKH
V\VWHPWRDFRPELQDWLRQRIKRUL]RQWDODQGYHUWLFDOLQSXWVLJQDOVWKDWDOORZVWRFKHFNWKHSHUIRUPDQFHRIWKHGLVVLSDWLYH
IRXQGDWLRQIRUWKHVSHFLILFLQWHUIDFHVWUHQJWKDQGWKHPDLQG\QDPLFSURSHUWLHVRIWKHVXSHUVWUXFWXUH,WZDVVKRZQWKDW
WKHEDVLFHIIHFWRIWKHGLVVLSDWLYHGHYLFHLVWRUHGXFHWKHVSHFWUDODFFHOHUDWLRQRIWKHVLJQDOWUDQVPLWWHGWRWKHVWUXFWXUH
EDVHDWWKHFRVWRIDFHUWDLQUHODWLYHGLVSODFHPHQWRFFXUULQJDORQJWKHGLVVLSDWLYHLQWHUIDFH7KHVSHFWUDODFFHOHUDWLRQV
DUHUHGXFHGLQDODUJHSHULRGLQWHUYDOZKLFKLQPRVWFDVHVHQFRPSDVVHVWKHIXQGDPHQWDOSHULRGRIWKHVXSHUVWUXFWXUH
+RZHYHULWZDVVKRZQWKDWDWVPDOOHUSHULRGVWKHGLVVLSDWLYHGHYLFHSURGXFHVLQIDFWDQDPSOLILFDWLRQRIWKHLQSXW
PRWLRQDQGWKLVPD\KDYHDQHIIHFWIRUVWLIIVWUXFWXUHV
7KHYHUWLFDOFRPSRQHQWVRIWKHEDVHPRWLRQKDYHDSURIRXQGHIIHFWRQWKHHIIHFWLYHQHVVRIWKHGLVVLSDWLYHGHYLFH
LQWHUPVRIDPSOLWXGHIUHTXHQF\FRQWHQWDQGSKDVHGLIIHUHQFH$Q\HYDOXDWLRQRIWKHSHUIRUPDQFHRIVXFKDGHYLFH
IRUDQDFWXDOVWUXFWXUHPXVWFRQVLGHUFDUHIXOO\WKHFRXSOLQJEHWZHHQYHUWLFDODQGKRUL]RQWDOFRPSRQHQWVRIWKHVHLVPLF
PRWLRQ
)LQDOO\ WKHYDOLGDWLRQRIWKHSUHVHQWPRGHODJDLQVWDFRPSOHWHQXPHULFDOPRGHORIWKHVRLOVWUXFWXUHLQWHUDFWLRQ
VKRZHGWKDWWKHVLPSOLILHGDSSURDFKSUHVHQWHGLQWKHSUHVHQWSDSHUFDQ\LHOGDFFXUDWHUHVXOWVRQO\LIWKHLQSXWPRWLRQ
DFFRXQWVSURSHUO\IRUWKHFKDUDFWHULVWLFRIWKHIRXQGDWLRQVRLOVDQGIRUWKHNLQHPDWLFHIIHFWSURGXFHGE\WKHSLOHJURXS
FDUHLVQHHGHGWRPDNHVXUHWKDWVXFKHIIHFWDUHFRUUHFWO\LQFRUSRUDWHGLQDIUHHILOHGDQDO\VHVDLPHGWRHYDOXDWHWKH
EDVHPRWLRQWRIHHGLQWRWKHSUHVHQWVLPSOLILHGPRGHO
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